CLIVAR Exchanges No. 14 by unknown
Volume 4, No. 4, December 1999          CLIVAR  Exchanges
13
physics errors must also play a role. The bottom line
is that a strong restoring boundary condition on SSS
should not be used for long, equilibrium runs of ocean
climate models.
d) There are two recent examples of long coupled,
present-day climate model simulations that have al-
most no drift in SST, even though they do not use
flux corrections. The first was NCAR’s Climate Sys-
tem Model (CSM), Boville and Gent (1998), which
was run for 300 years, and the second is a 1000 year
run of the Hadley Centre’s most recent model
HadCM3, Gordon et al. (1999). The horizontal reso-
lution in the ocean components was about 2 deg in
the CSM, and 1.25 deg in HadCM3. We believe that
the main reason for these successes is that the atmos-
phere and ocean components are compatible in their
poleward heat transports, see Boville and Gent (1998).
This has been achieved by improvements in both the
atmosphere and ocean components. For the ocean, this
requires good, global sub-grid scale parameterisations
for diapycnal mixing and meso-scale eddy mixing in
the non-eddy-permitting regime of these ocean com-
ponents. The CSM and HadCM3 both use the Large
et al. (1994) K-profile parameterisation (KPP) and
the mesoscale eddy parameterisation of Gent and
McWilliams (1990). However, HadCM3 uses slightly
modified versions of these parameterisations; for the
eddy scheme the spatially varying coefficient sug-
gested by Visbeck et al. (1997) has been used. There
is drift in SSS and in both deep temperatures and
salinities in both these long, coupled integrations.
However, the changes in the temperature and salinity
distributions have not been large enough to signifi-
cantly change the thermohaline circulations. This is
the only way that SSS can cause a large feedback on
the ocean solution, because excessively fresh condi-
tions at high latitudes can cap the thermohaline cir-
culation. Reducing these drifts in the ocean compo-
nent is one of the future challenges for coupled cli-
mate modelling.
Future challenges over the next several years include:
e) Improvement to all parameterisations used in ocean
climate models. For example, Polzin et al. (1997) ob-
serve much higher diapycnal mixing rates over the
rough topography of the mid-Atlantic ridge than over
the adjacent abyssal plain; this could be parameterised
in the diapycnal mixing scheme. Visbeck et al. (1997)
suggest a spatially varying isopycnal mixing coeffi-
cient that is a function of mean flow variables. Im-
provements are needed to bottom boundary layer
schemes that are sorely needed in z-coordinate mod-
els to improve the flow over sills and other topogra-
phy. Improvements are also needed to the
parameterisation of the eddy effects on momentum,
which most climate ocean models still parameterise
as downgradient horizontal and vertical diffusion. This
last question will become more important as the hori-
zontal resolution goes from the non-eddy-permitting
into the eddy-permitting regime, so that the speed of
western boundary currents increases. These are just a
few examples; there are many other needed
parameterisation improvements.
f) To evaluate the trade-offs between potential improve-
ments in simulations versus computational cost as the
horizontal resolution in ocean climate models goes
into the eddy-permitting regime. Figure 1 shows that,
as the resolution gets finer, the increased northward
heat transport is due to the changed mean state, so
there is hope to simulate this by a good
parameterisation of the effect of eddies. Figure 2
shows the northward heat transport in the North At-
lantic from five models with different horizontal reso-
lutions. The 0.1 and 0.4 deg curves are the same as in
Fig. 1. The 1 deg curve is taken from a simulation
described in Böning et al. (1995), that is a North At-
lantic domain that stops at 15
oS, rather than 20
oS, as
in the 0.1 and 0.4 simulations. The x2 and x3p curves
are from global ocean alone, equilibrium simulations
using the ocean component of the CSM, see Gent et
al. (1998). The four coarser resolution simulations use
the Gent and McWilliams (1990) eddy scheme, and
figure 2 shows that with this scheme, the North At-
lantic heat transport is relatively independent of hori-
zontal resolution. It has been shown that this is not so
when horizontal mixing of tracers is used. What is
needed are companion experiments run in a coupled
model, where the only change is the horizontal reso-
lution and the associated mixing coefficients. This
would enable a judgement to be made as to whether
the potential improvements in properties important
for climate are worth the substantial extra computa-
tional cost.
g) Sea-ice is a very important part of the global climate
system. In the past for the CSM, we have obtained an
ocean alone, equilibrium solution forced by observa-
tions before coupling to the sea-ice component, see
Boville and Gent (1998). This solution uses strong
restoring boundary conditions to observations in ar-
eas diagnosed from SST data as being ice covered,
and the global solutions are sensitive to the time-scale
used in the restoring terms. The ocean circulation then
receives a large shock when it is coupled to the sea-
ice component and forced by output from the atmos-Volume 4, No. 4, December 1999          CLIVAR  Exchanges
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northern hemispheric 5-daily averaged fields of sea level
pressure (SLP), of stream function in geostrophic ap-
proximation at 5 km (~500 hPa), 18 km (~70 hPa) and
35 km (~10 hPa) and of temperature at different heights
including SST. In this study we restrict ourselves to the
northern hemisphere. For these multivariate data the
method of empirical orthogonal function (EOF)
(Preisendorfer, 1988) is a suitable tool for the determi-
nation of dominant spatial modes and their temporal
behaviour. At all heights the first mode is dominated by
a wavenumber 2 with a more zonal structure at
stratospheric heights. This mode is closely connected
with the land-sea distribution and thus with the annual
cycle. The second mode contains teleconnection struc-
tures in the troposphere especially at midlatitudes
whereas in the lower stratosphere mainly the long plan-
etary waves which can propagate from tropospheric to
stratospheric heights during winter are present. These
large-scale spatial patterns of the atmospheric circula-
tion remain nearly unchanged for the SST-forced run.
The temporal development of the two most domi-
nant spatial patterns is described by the time series of
the principal components PC1 and PC2. In order to quan-
tify the low-frequency variability evident in these time
series we applied a wavelet analysis. This sophisticated
time-frequency analysis (Torrence and Compo, 1998)
allows the investigation of nonstationary time series. The
wavelet coefficients provide information about the pe-
riod as well as about the time of appearance of a charac-
teristic structure. Thus it allows to detect local temporal
changes in the spectral distribution of energy. Recently
developed statistical significance tests for wavelet spec-
tra by (Torrence and Compo, 1998) enable the estab-
lishing of significance levels and confidence intervals
in contrast to model spectra of corresponding white or
red noise processes.
In order to illustrate features of internally gener-
ated climate variability we display the wavelet transfor-
mation of the time series of the principal components
PC1 and PC2 of SLP for the coupled run (Fig. 1) and of
SLP for the uncoupled run (Fig. 2). Due to our interest
in low-frequency variations, all time series were sub-
jected to low-pass filtering with a cut-off of about 1.5
years.
The wavelet analyses for the coupled atmosphere-
ocean system reveal complex modes of variability. The
preferred time scale of the variations of the first most
dominant spatial pattern throughout the atmosphere have
been found at the decadal scale at about 9 years, but
shows considerable fluctuations. This is clearly indicated
by the wavelet transformation of PC1 of SLP (Figs. 1A).
Despite the high unsteadiness the variations at about 9
year exceed the 95% confidence level of the correspond-
ing red noise processes during the whole integration.
Analyses of the fields of other variables at heights up to
40 km confirm this result.
The second mode of variability shows a less uni-
form temporal behaviour throughout the atmosphere.
Near the surface an interannual mode with a period about
5 years and a high degree of intermittency occurs. Addi-
tionally, interdecadal variations can be estimated. From
Fig. 1B it is clearly indicated that for interdecadal vari-
ations two states exists, one is characterized by a 30 year
period (model years 200-400 and 750-1000) and the other
is characterized by a 18 year period (model years 0-50
and 450-750). The transition periods between these states
are rather short. At upper heights we find the most domi-
nant periods about 5 to 10 years with a maximum of
spectral energy at 9 years. Furthermore time sections
can be estimated, where variations at interdecadal scale
between 25 to 30 years leave the 95% confidence level
of the corresponding red noise processes. During some
time sections (e.g. 450 to 750 years) a break down of
this period has been found, which coincidences with the
time of the presence of the 18 year period instead of the
30 year period in the PC2 of SLP. Nevertheless, at upper
heights there is no clear distinction between two modes
of interdecadal variability as described above for PC2
of SLP.
In comparison for the uncoupled run we have es-
timated a very strong and stable mode of decadal vari-
ability without any hint on intermittent behaviour. This
mode is to be seen in the temporal variations of the first
and second most dominant spatial pattern of all analysed
fields throughout the atmosphere up to 35 km height
without significant shifts in the distribution of spectral
energy. In order to illustrate this the wavelet transfor-
mations of PC1 and PC2 of the field of SLP are shown
in Fig. 2. Preferred time scales about 5 to 10 years can
be inferred, which leave the 95% confidence level of
the corresponding red noise processes during the whole
course of integration. The maximum of the spectral en-
ergy occurs at 9 years.
To sum up, for both runs the most pronounced
variations arise at the decadal scale, specifically at 9
years. These variations can be find in first as well as
higher order modes for the SST-forced run. In contrast,
for the fully coupled run besides the decadal periods,
which show an increased intermittency, interdecadal fluc-
tuations appear. As the interdecadal variability is only
evident in the PC’s connected with higher order spatial
modes, the question arises whether these interdecadal
fluctuations have an influence on the climatic state of
the Northern Hemisphere.
This question can be answered positively, because
our investigations bring out a resemblance between the
temporal and spatial structure of the second mode of
variability (EOF2/PC2) of SLP and of the North Atlan-CLIVAR  Exchanges            Volume 4, No. 4, December 1999
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pled models could provide reliable regional information
on the seasonal time-scale in the near future. In sum-
mary, he stated ‘We have come a long way - but we have
miles to go’.
In a special session the PROVOST (Predictability
of Climate Variations on Seasonal to Interannual Time-
scale) project was featured. This EU-funded study com-
prises an intercomparison of a number of atmospheric
general circulation models run for a 15year period be-
tween 1979 and 1993 to assess predictability. It was
pointed out that the highest predictive skill could be
found in the tropics but that there were also indications
for potential predictability in the extratropics.
Shifting to longer time-scales in the session on “Model-
ling Decadal to Centennial Climate Variability” Dr. G.J.
Boer (CCC, Canada) presented two different methods
to investigate the predictability of the coupled ocean-
atmosphere system on timescales of months to decades.
The main questions discussed in this session are whether
there is any potential for predictability on decadal
timescales at all and which processes could generate such
predictability. The latter question needs to be addressed
differently for different regions of the globe.
A number of papers dealt with the variability of
the North Atlantic Oscillation and its relationship to other
tropical and extra-tropical modes of variability, e.g. to
the thermohaline circulation and the tropical Atlantic
variability as well as its predictability. In the scientific
discussions the different theories about the coupled or
uncoupled nature of these phenomena and their various
time-scales were highlighted. Further investigation of
historical data as well as modelling efforts are required
to get more insight into the natural climate variability
on decadal time-scales.
In the last session of the conference the issues of
prediction and detection of anthropogenic climate
changes were discussed. Two invited papers given by
Prof. Dr. Lennart Bengtsson, MPI, Hamburg and Dr.
Maurice Blackmon, NCAR, Boulder, USA, summarized
the major recent accomplishments with regard to cli-
mate change prediction. Prof. Bengtsson focused on the
question whether the frequency and intensity of extreme
events have changed during the last century and whether
they will change in the future.
An analysis for the 20th century does not provide
a conclusive indication of an increase of extreme events.
Although assessments of the damage costs caused by
extreme events seem to indicated an increase, this is not
a good measure, e.g. because of the increase of popula-
tion in coastal zones, changes in living standards, etc.
Nevertheless there are some indications that extreme
rainfall events tend to increase in parts of the globe. This
can also be shown through high resolution model
simulations of climate change. The modelling results
presented by Prof. Bengtsson indicate changes in the
rainfall patterns as well as in the intensity of the rainfall.
There is a tendency for an increase in rainfall in tropical
regions, in the monsoon regions and in high latitudes, in
contrast to a decrease in the subtropics. Overall the prob-
ability for extreme rainfall events is increasing in the
model results.
In the second talk Dr. Blackmon gave an over-
view about the coupled model experiments performed
at NCAR and future plans. The experiments carried out
so far indicate a global warming of 1.7 to 2.5oC, de-
pending on the scenario, for the end of the next century.
He pointed out that even with a substantial reduction in
the emission of the greenhouse gases a warming of 1.5-
1.7oC will be expected which is about twice the current
temperature increase in comparison with pre-industrial
conditions. Although most of the model results agree
about the range of global warming there is still a need
for model improvements to better understand and simu-
late the past and future climate. For example most mod-
els fail to simulate the warming between 1920 to 1940
and the subsequent cooling until the early 60s.
Other papers in this session focused on specific
climate phenomena and their projected changes for the
next century. An important question for the Northern
Hemisphere and especially for Europe is whether the
thermohaline circulation in the North Atlantic might
change substantially or even break down completely.
Although it was stated that a complete shut-down of the
thermohaline circulation is unlikely to occur within the
next century, a number of model simulations show a ten-
dency for a weakening response to global warming.
A number of presentations focused on climate
change detection and attribution. Dr. P. Stott, Hadley
Centre, Bracknell, UK showed that the warming in the
beginning of the century can partly be attributed to solar
activity. Dr. U. Cubasch, DKRZ, Hamburg, Germany,
presented an intercomparison of a number of coupled
climate change experiments archived in the IPCC data
distribution centre in Hamburg. The temperature trends
of those simulations are very similar, whereas the pre-
cipitation anomalies show a wider range. Additional ex-
periments are required to reduce this uncertainty. This
was also stated by Dr. M. Allen, Rutherford Appleton
Lab., UK. Only very large ensembles of climate change
experiments with coupled models will enable us to re-
duce the uncertainty in climate change prediction, de-
tection and attribution.
In summary, we have seen a rapid progress in cli-
mate modelling and prediction in the decade since the
first climate conference in 1989. However, in spite of
this progress, the present achievements only constitute
the very first steps towards the building of a robust ca-
pability for climate monitoring and prediction. The re-